This paper presents the concept of a groupware-system suited for the early stages of a chemical design process. Within the scope of the system's development, a requirement analysis was carried out at a" international chemicals group. Based on this analysis, at first a new conceptual model and after it a groupware concept was developed, which considers the particularities of the chemical design processes, especially the m@al models of chemical designers.By evaluating this concept, the concept's practical relevance was demonstrated and further specific requirements of the groupware system were defined.
INTRODUCTION
The support of business processes with computer systems is regarded as a critical success factor (e.g. Reichwald et al., 1997) . In the chemical industry, the question of how the development of process engineering systems can be arranged more effectively arises. The development of chemical plants is characterized by creative and poorly structured tasks as well as needs-driven and spontaneous communication processes. Usually, up to 80% of the running costs and investment capital are determined by decisions made during the early phase of these development processes (Craft, 1985) . However, the decisions are often based on sketchy models, which are partially founded on vague prerequisites concerning the outset and the scope of the models. Based on a task analysis, of different engineering processes carried out in a" international chemicals group, special characteristics and typical weak points of chemical design processes could be identified (Wolf et al., 1999) . Examples of such weak points are readily see" when one views common tactics employed in order to solve special problems, e.g. calculation of reaction kinetics. In order to solve these problems, experts in different areas are often integrated into a ongoing chemical design project on short notice and only for a short while. The aforementioned special problem resolution tactic, commonly leads to problems in information exchange. Beside organizational problems, e.g. the handling of information exchange, a frequent modification of the group structure., with all its internal rules, might lead to a different understanding of ideas or may cause the information to be structured in a non-uniform way. It is proposed that the development of the groupware system EVA (EVA= &twicklungsuntersttz"ng xerfahrenstechnischer Anlagen) can be a" adequate way to overcome such problems. In order for EVA to overcome these common problems, it should meet two criteria. First, EVA should provide a defined workspace and a communication infrastructure for the exchange of documents (Ellis et al, 1991) . Second, it should provide a" instrument which supports chemical designers by building a common, mentally compatible, structure of the course and the project content of the chemical design project.
DESIGN ELEMENTS TO SUPPORT CHEMICAL DESIGN PROCESSES
The concept of the Groupware system EVA consists primarily of a shared workspace, which all users of a chemical design project have access to ( fig. 1 ). In this workspace, all documents created during this project, are inserted and depicted in a structured way. Thus, the workspace represents the center of all project-internal and primarily asynchronous information exchange. Furthermore, it gives a structured overview of all current information and depicts the state of the development pi-OCSS. When a document is placed into the workspace, it must be enriched with context information. A chemical developer utilizing this information, is able to comprehend the contextual meaning of a document or identify the main relationships between documents immediately. Context information is represented by following four design elements: 1. Colored lines between two documents display whether the following document is a decomposition (red line) and/or whether the following document is a variant or version of the predecessor (blue line). In the case of a decomposition the interface between these subranges can be specified within a" interface symbol (e.g. mass flow). Thus, propagation mechanisms inform all authors of subrangedocuments with connection to this interface about changes in the interface specification (e.g. reflow was calculated). 2. A total of six different views (flow diagram, simulation, model, experiment, costs, information) are provided, where documents of same type are subsumed. The six views were derived from corresponding classes of a product model for chemical plants. (Bayer et al., 1999) Inserting a document in EVA can be accomplished while working with another engineering-tool (e.g. process flow diagram tool). Within the scope of this, a developer has the possibility to store it in the structure provided by EVA, while retaining the option to store the document in the engineering tool currently being utilized. Next, tix place in the shared workspace must be determined. To do this the operator identifies a predecessor document and the appropriate relationship with the predecessor document. As a last step, EVA queries additional information about the inserted document. The concept of EVA is presented as a simplified structure model in Fig. 2 . It shows the structure of the workspace provided by EVA, concerning the first and second design element. The design elements, "red or blue colored lines" are determined by which relation, "is part of' or "is a variant of', is combined with the object "interface". The relation "is assigned to" between flow diagrams and the objects "simulation", "model", "experiment"; "costs" and "information" corresponds to the selectable views. Related to this, the flow diagram gives the essential structure. 'Ibis is due to the fact that documents of other types can always be assigned to a flow sheet. Even if other views are selected, the process flow dia- 
EVALUATION
Two main goals were pursued in the evaluation of EVA: First, the effects of the four design elements embedded in EVA should be attempted to be proven with reference to the behavior of chemical developers. Second, it must be verified that the user interface of EVA is in accordance with IS0 9241 (part 10) regarding softwareergonomic criteria. Due to the fact that this test revealed the mental structures of the developers in chemical design projects, the investigation of transparency had major relevance. From these investigations more. detailed design requirements for EVA were derived concerning the graphical design and the design of the cognitive concept of EVA.
'Experimental Setup
An experimental setup, based on a laboratory test, wns selected for the evaluation. A prototype implementation of the user-interface of EVA, which supplies all necessary possibilities of interaction for the accomplishment of the different functions, was useable at the laboratory tests. A test subject was given all questions and exercises in written form. The results were documented in writing or on video-tapes. For tix investigation of the influence of the design elements of EVA on the behavior of chemical developers a 4.GroupTestdesign was selected. Therefore, the EVA prototype was tested in a realistic scenario, the "development of a Polyamid-6 scenario" (Foltz et al, 2000) . Each test group had a different number of design elements within its EVA prototype. Functions, for the navigation in the scenario, were completely implemented. The functions which were necessary for the bandling of the scenario were not accessible. The EVA prototype was implemented on a Lotus Notes 5 platform to accomplish two goals. First to enable the use of flexible navigation functions. Second to allow highperformance navigation between the 14 different views in the scenario for all four test groups. Altogether 20 chemical design experts (average age: 30.5 years (s = 5.15); average work experience: 2.9 years (s = 3.12)) and 17 students of chemical engineering (average age: 26.29 years (s = 2.39); average work experience (incl. practical training): 0.68 years (s = 1.10)) took part in these experiments.
Method and approach
The fast focus of the experiment was to investigate whether the number of design elements in EVA (independent variable) has an influence on the knowledge acquisition of a subject during the processing of the Polyamidd project (dependent variable). The independent variable was varied for each test eroun (Tab. 1). E = Experts; S = Students After introducing the subjects into the functions of EVA, in accordance with the number of available design elements in the test group, each subject had 15 minutes time to work on the exercise. The exercise was concerned with the strategic advancement of the Polyamid-6 scenario. During this time, all actions and statements of the subject were recorded on video and interaction events were traced in a log file. After this time, the test subject had to fill out a multiple-choice questionnaire that queried knowledge of the Polyamidd project. The structure model represented in Fig. 2 was used in scope of the investigation of transparency of EVA. Before a subject executed this test, the subject was given sufficient time to get familiar with the use of EVA. During the test, the subjects were asked to arrange the structure of the objects used in EVA, as well as relations between~tbese objects utilizing a structure laying technique. The subject had several prepared colored cards blue cards with names of the objects and orange cards for the denotation of the relations between objects. These cards that had to be arranged in accordance with the subjective impression of the structure of EVA. As a result all correctly denoted relations as well as all incorrectly denoted or missing relations, in comparison with the structure model in Fig. 2 , were documented.
RWJltS Fig. 3 shows medians, quartiles, extreme values and outliers of the test groups, with reference to the number of correct answers in the multiple-choice test. The average number of correct answers increases with the number of design elements which were available for a subject. By comparing averages of group values, significant differences between group 0 and group 3 could be verified. Between group 0 and group 1 significant differences could be proven for the expert group, too. This remains between 43 % and 68 % (exception: The second relationship between flow diagrams, flow diagram " is part of " flow diagram, in the sense of a decomposition, was denoted correctly only of 13 % of the subjects). These results indicate that the underlying concept of EVA is sufficiently transparent, under the general conditions that a subject had approximately one hour to recognize the informative structure of EVA.
In the lower matrix the number of divergent denotations are represented. As most frequent divergent denotation information objects were assigned to the object "project" (instead of the object "flow sheet"), simulation objects were assigned to the object "model" (instead of the object "flow diagram") and test objects were assigned to the object "simulation" or "model" (instead of the object "flow diagram"). Since this divergent assignment corresponds to the usual methodology in chemical design projects, it could be assumed that the conceptual struchxre of EVA does not correspond to the mental model of chemical designers. This circumstance might be another explanation on why the design element "views" did not find the expected resonance at the subjects in the first test. In further versions of EVA, its conceptual structure should be adapted appropriately. The results of this evaluation can be used to develop some substantial design requirements: Since the graphical representation of decomposition and variation has significant advantages for comprehension of coherence within a chemical design project, it is necessary to examine whether the extension of the concept with further types of relations might be sensitive.
In the first test the use of views could not be identified as a criterion, that influences the user behavior of EVA. However with the test of the transparence, it was possible to point out that, concerning views, the structural model could be arranged in a better way.
In future work, one should develop, with respect to user interactions, a full functional prototype which might be implemented at least partly in an industrial surrounding. In developing this prototype, all results of this evaluation should be considered. Using this prototype, one might be able to locate more precise results about the usability of the system. Furthermore, one might carry out a more detailed analysis concerning the mental models of the chemical developers.
